Validamycin inhibited the hyphal extension of Rhizoctonia solani without growth inhibition.
Hyphal inhibition was more pronounced in the main hyphae than in the primary or secondary branches of R. solani. Validamycin inhibition was antagonized by the hyphal extract of R. solani which stimulated hyphal extension. From the hyphal extract, the hyphal extension factor antagonizing the action of validamycin was isolated as a syrup after passing through an Amberlite IR-120 B column, adsorption on an Amberlite IRA-410 column, elution with 0.2 N NH4C1 and concentration of the eluate. The hyphal extension factor stimulated only the extension of the validamycin-inhibited hyphae and not that of the normal hyphae. In this paper, we describe the experimental detail on the antagonizing action of the hyphal extension factor against validamycin.
Materials and Methods

Validamycin
Validamycin A (VM) was kindly supplied by Takeda Chemical Co. Ltd.
Strain
Rhizoctonia solani R-44 was used throughout this work.
Determination of Hyphal Weight After 2-day incubation on CZAPEK-DOX agar, overlaid by a cellophane film, the fungal hyphae with cellophane were peeled and blotted on a filter paper. After drying to constant weight over NaOHpellet desiccator in vacuo, the hyphal weight was calculated by subtracting the weight of the cellophane film.
Determination of Hyphal Length
After 10-hour incubation on CZAPEK-DOX agar at 28°C, the hyphal development of R. solani was photographed under the microscope. The length of main hyphae, primary branches and secondary branches was determined from the photomicrograph.
Dendroid Test Method An agar disk of R. solani (inoculum) was incubated on a glass disc, previously placed on a water agar plate containing serial dilutions of VM or directly on a similar water agar plate at 28°C. Alternatively, the agar disc, previously dipped in serial dilutions of VM for 10 minutes, was used. The highest dilution at which abnormal branching occurred was estimated. The effect of VM on the hyphal weight of R. solani was also examined, using eurocidin (pentaene antibiotic) as a control. Fig. 3 shows the hyphal weight of R. solani after 2-day incubation on CZAPEKDox agar. Hyphal weight decreased with increasing concentration of eurocidin, whereas VM showed almost no effect on the hyphal weight.
Isolation of Hyphal Extension Factor
As already reported, an hyphal extension inhibitor (HE-inhibitor), inhibiting hyphal extension without growth inhibition, is present in the basic components of the hyphal extract.
2) The hyphal extract, freed of the HE-inhibitor, antagonized not only the action of VM, but also that of the HE-inhibitor: it was named the hyphal extension factor (HE-factor). R. solani was grown in 200-m1 Erlenmeyer flasks containing 50 ml of medium S (glucose 2 %, starch Further purification and characterization of the HE-factor will be published elsewhere. The isolation procedure for the HE-factor is shown in Fig. 4 .
Stimulation of the Extension of Validamycin-Inhibited Hyphae by the Hyphal Extension Factor
The hyphal extract antagonized the action of VM, however, the hyphal extract was presumed to contain various sugars and nitrogen-containing compounds which affect VM inhibition. WAxAE and MATSUURA4) reported that the inhibition by VM was weak in the presence of inositol or fructose.
The effect of these compounds on VM inhibition was examined by the dendroid test method. An agar disc (inoculum) of R. solani, which had previously been dipped in a 100 ,ug/ml solution of VM, was deposited on a water agar plate. A cup containing a 1 % solution of the hyphal extract or another test compound was also placed on the agar at the distance of 20 mm from the agar disc. The effect of these compounds on VM inhibition was examined during 6-day incubation.
In the normal hyphae serving as a control, the observation was made after 3 days of incubation, because the hyphae extend over the whole surface of the agar after 6 days of incubation.
As shown in Fig. 5 Similarly, the antagonistic activity of the HE-factor against VM was examined by the dendroid test
method. An agar disc of R, solani, which had previously been dipped in a 100 ,ug/ml solution of VM, was inoculated on a water agar plate containing 2 to 20 mg of the crude HE-factor. The action of V M was antagonized and the hyphal extension was stimulated in response to increasing concentrations of the HE-factor. The tips of the VM-inhibited hyphae and those of the hyphae antagonized by the HE-factor are shown in Fig. 6 . The abnormal branching by VM at hyphal tips was not observed, and the hyphal extension was normal at the tips.
Thus, the inhibition of hyphal extension by VM was antagonized and the hyphal extension was stimulated by the HE-factor. A: VM-inhibited hyphae (x 300) B: hyphae antagonized by the HE-factor (X 300)
